The adoption of Euro in Slovakia since January 2009 and current world economic crises revived a debate on timing of the Euro adoption in the Czech Republic and other Central and Eastern European countries. The purpose of the article is to contribute to a discussion on the process of joining the Eurozone by the Czech Republic and other candidate countries. The paper provides an analysis of few business cycle similarity and convergence measures using diff erent indicators and detrending techniques. Measures of business cycles similarity are ordinarily used to evaluate preparedness of candidate countries to join the Eurozone. The results indicate continuing convergence of the business cycles similarity between the candidate and Eurozone member countries. The paper also sheds some light on possible infl uence of selected detrending techniques upon the resultant correlations. It gives a recommendation to interpret the results of business cycles correlation measuring in the close context with used methodology. A short note on a regional approach to analyse the GDP cycles is also included in a text. business cycles, convergence, correlation, eurozone, optimum currency areas Most of the Central and Eastern European countries as well as the Baltic countries that acceded to the European Union in 2004 solve the decision problem of an appropriate timing to join the Eurozone. The current discussion is based on the evaluation of the traditional Maastricht criteria as well as the alternative similarity and convergence criteria mostly defi ned in the context with the theory of optimum currency areas (OCA). This theory proposed by the Nobel Price Laureate Robert Mundell in his classic article from 1961 defi nes the characteristics of optimum currency areas determining an eff ective formation of a common currency area. Besides Mundell, the list of original OCA characteristics is enhanced by the other authors and pioneers of this theory such as McKinnon (1963) , Kenen (1969) or Ingram (1962) . A later approach to OCA theory called the "New Optimum Currency Areas Theory" (Mongelli, 2002) brings other characteristics including business cycles similarity, a/symmetry of shocks. High long-term similarity of business cycles reduces the risk of potential idiosyncratic shocks and also decreases the signifi cance of an autonomous monetary policy in an acceding economy.
Measures of business cycles similarity and convergence are currently used by the central banks, government institutions and academic researchers to give some evidence of the continuing economic and monetary integration process. The studies on business cycles similarity also provide arguments for the policy makers to discuss the timing of the Euro adoption in the candidate countries. A majority of the studies use some form of correlation of stylised economic activity time series to measure the cycles similarity 1 . Fidrmuc and Korhonen (2006) provide an overall literature analysis of the business cycle correlation literature. Apart from correlation methods there are also studies using the alternative approaches to the business cycle synchronicity measuring. Harding-Pagan (2006) , Artis et al. (2004) measure the concordance index of selected European countries. The index defi ned by Harding-Pagan (2002a) measures the fraction of time the cycles are in the same phase . The concordance technique requires applying of some business cycles dating rules to identify the turning points and phases of cycles 2 .
A variety of studies measuring the business cycle similarity in the past decade provide many results of actual synchronicity or convergence trends in the European economies. However, many of them bring diff erent and rather spurious results. Firstly, it is obvious that the selected indicator, time frequency of input data, detrending techniques or similarity measure can infl uence the results. Secondly, the final economic interpretation of the numeric results usually suff ers from missing mention of the context with the used methodology as well as the subjective interpretation by the author. The OCA theory does not specify what exact techniques to use to measure the defi ned characteristics. Therefore, one might ask: Do the Central and Eastern European (CEE) economies really converge to the Eurozone and how similar they actually are? How reliable are the interpreted results? Canova (1998 Canova ( , 1999 and Baxter-King (1999) examine a potential impact of data stylizing methods on business cycles identifi cation. An interesting point of a bias of the central bankers, who are more conservative than the academic researchers, is mentioned by Fidrmuc-Korhonen (2006) .
The main goal of the article is to measure and evaluate actual similarity of business cycles and to identify the convergence trends in the CEE countries (and Baltic countries in case of GDP cycles) towards the Eurozone. Secondly, the partial goal is to give some evidence of an impact of selected methodology on the empirical results. Thus two indicators, three detrending techniques and three measures of similarity and convergence were used in the study to increase a robustness of found results and to shed some light on the technical problems with used methods.
The paper is structured as follows. The next part explains the used methodology and data. Third chapter includes the descriptive statistics of analysed time series and results of business cycles correlations. In particular, cross correlation and rolling window correlation were used in that chapter. Different characteristics of the stylised time series possibly indicating the infl uence of chosen detrending techniques are discussed in the forth part. Next part includes a short note on approach to regional GDP measuring in the Czech Republic. Sixth section concludes the analysis.
DATA AND METHODOLOGY
Input data contains seasonally adjusted time series of quarterly gross domestic product (GDP) and the monthly index of industrial production (IP). The Eurostat and International Financial Statistics (IFS) of the International Monetary Fund (IMF) were the key data sources 3 . The selection of Central and Eastern European countries (CEEC) countries covering Hungary, Poland, Slovakia, Czech Republic and Slovenia was made in relation to former intensive economic and political relations as well as to a similar position at the beginning of the transformation period in 90's. Although Slovenia and Slovakia have joined the Eurozone since 2007 and 2009 respectively, they were the candidate countries during most of the analysed time period and it is useful to compare the similarity and convergence trends with the other CEECs. The selection of the Eurozone member countries includes dominant Germany, France and periphery economies with relatively lower GDP per capita such as Spain, Portugal and Greece. The sample of EMU member countries fi nally includes Austria, which is structurally similar to the majority of selected CEECs, and formerly dynamically growing Ireland. The Baltic countries Estonia, Latvia and Lithuania were also included in the GDP cycles analysis. Germany and Eurozone average were the reference benchmark in the analysis.
From a technical point of view on the business cycles identifi cation process the economic literature distinguishes between the classical and growth (deviation) business cycles. The classical approach defi nes business cycles as a cyclical fl uctuation covering the decline and growth in an absolute level of aggregate economic activity of a nation (BurnsMitchell, 1946) . The growth cycles are considered as an alternative to the classical cycles. The growth (deviation) cycle specifi es business cycles as cyclical fl uctuation in the cyclical component of an economic variable around its trend (Lucas, 1977) . The later approach therefore needs the application of selected time series detrending techniques. Accordingly, the natural logarithms of indicators were stylised with the fi rst order diff erences procedure (FOD). This is partially in line with the presumptions of the classical approach to business cycle identifi cation. The time series were also detrended by Hodrick-Prescott Filter (HP) applying parameters  = 1 600 for quarterly data and  = 14 400 for monthly data 4 . Finally the Baxter-King bandpass fi lter (BK-BP) was applied. This frequency domain detrending technique passes through components of the time series with periodic fl uctuations between 6 and 32 quarters, while removing components at higher and lower frequencies 5 . The two later mentioned fi ltering techniques produce the stylised time series in accordance with the growth business cycles defi nition.
The technique of cross correlation was used to measure the actual similarity and the convergence trends when applying correlation in two consecutive time periods. The short term dynamics of convergence was measured with the fi ve-year and three year-rolling window correlation.
The reason for using more detrending techniques and indicators with diff erent frequencies is to increase the robustness of results for measuring the actual business cycles similarity. The other reason is to give some evidence of a potential infl uence of selected data stylizing methods and on the resultant similarity and convergence indicators. Therefore some statistic characteristics of the time series stylised with FOD, HP and BK-BP fi lters are compared in the discussion part of the paper.
RESULTS

Descriptive statistics
The input data of descriptive statistics comprises the fi rst log diff erence of seasonally adjusted quarterly GDP (Table I ) and monthly IP (Table II) . Descriptive statistics allow measuring the average quarterly growth rate (in percentage), standard deviation indicating volatility of the cycles, minimum and maximum rate. The normalised deviation denotes the relative volatility comparing to the Eurozone average.
Comparing to the 0.5% average quarterly growth rate of the Eurozone average (0.35 in Germany), the CEE as well as Baltic countries could be considered as converging economies. Also dynamically growing Ireland and Greece show signifi cant real convergence to the average. Normalised standard deviation depicts Hungary as the less volatile CEE economy closely to the Eurozone cycle volatility. Also growing Ireland reveals high GDP growth volatility.
The industrial production is used as an appropriate complementary aggregate economic activity indicator refl ecting actual use of production fac-4 See Hodrick-Prescott (1980) 5 See Baxter-King (1999) ; BK fi lter application is infl uenced by the truncation period, which is 3 years. Accordingly, application of the fi lter is limited by the reduction of the initial time series for 3 years at its end and beginning. Thus this technique was used only for actual cross correlation measuring. tors highly correlated with GDP series. In addition, the IP index is available in monthly frequencies revealing higher relative volatility. The IP statistics offer a similar picture to GDP. All CEE countries apart from Slovenia reveal faster monthly growth in IP comparing to 0.07% in case of Eurozone average and 0.12% monthly growth rate in Germany. Poland, Slovakia and Ireland again reveal high cycles' volatility.
Business cycles correlations a) Cross correlations
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b) Convergence trends
To measure the convergence in business cycles similarity the time period was divided in two consecutive parts. A higher correlation coeffi cient and the latter period indicate an increase in business cycle similarity comparing to the previous time. All countries reveal an increase in GDP cycles similarity in analysed period. Moreover, all economies, (apart from Hungary and Slovakia when using HP and FOD respectively) show the correlation coeffi cient over 0.5 in the period [2003] [2004] [2005] [2006] [2007] [2008] . It is questionable, how much the current world fi nancial crisis, which pushes all economies down to the recession phases, infl uences the results. A signifi cant correlation is apparent in the Baltic economies and Slovenia. They increased the actual correlation from a stance of a low or negative correlation. Among the Eurozone members Portugal and Austria reached most significant level of convergence. A similar picture can be seen when looking the convergence of IP cycles. All countries except from Czech Rep. and Poland (FOD cycles) have more correlated IP cycles to Germany in the second period. The level of IP cycles similarity is relatively high but lower than in case of GDP cycles. Similarly to previous measuring of actual cross correlation, the results of both cycles correlations, particularly coeffi cients of IP cycles similarity, give an evidence of generally higher correlation coeffi cients in case of HP fi lter comparing to FOD. It is very clear from the fi gure 1 illustrating the convergence tendencies in case of all 4 types of cycles.
c) Rolling window correlation
A rolling window correlation describes a short or middle-term dynamics of the business cycle convergence. It identifi es the short term trends of the convergence or divergence during the whole analysed period. The time-varying coeffi cients measure a correlation of moving periods rolling during the whole time periods. The analysis includes fi ve-year rolling window correlation of GDP cycles and three-year rolling window correlation of IP cycles. Thus a concrete coeffi cient refers to a correlation of previous fi ve-or three-year sample.
The fi gure 3 shows clear convergence tendencies of all selected Eurozone member countries during the whole analysed period, though the FOD cycles reveal relatively lower levels of short term correlations (except form last few years). FOD cycles also give some evidence of some diverging trends of Ireland, Spain and Portugal (the EU-periphery countries) until 2006-7. The actual levels of convergence are very high close to range 0.8-1.
The short-term convergence tendencies are not in case of CEE countries as clear as in the Eurozone countries. Apart from last 3 years the converging as well as diverging trends are changing. The infl uence of FOD and HP fi lters is obvious. First order diff erencing technique produces lower correlations similarly to previous two correlation techniques (actual cross-correlation and correlation in two consecutive periods). FOD cycles in all CEE countries also reveal long periods of diverging trends. The levels of correlation at the beginning of the period are also very high in the similar range as in the Eurozone countries. The Baltic countries converge at the end of analysed period. The lowest levels of convergence show Lithuania that was diverging to the Eurozone in most of the analysed period. A rapid increase in correlation in the end of analysed period in all countries possibly refl ects negative GDP performance of the overall economies. The crises moved all developed economies in the phase of recession which increased the business cycles similarity. That con- clusion could be also proven when looking at threeyear rolling window correlation of the IP cycles. All analysed countries even the Eurozone members went through the phases of short-term convergence and divergence. Portugal cycle was diverging most of the time. Also IP cycles of CEE countries changed the recession and contraction phases. All countries converged signifi cantly to the end of the period. In a sense of the OCA theory the world economic crises is a kind of a symmetric shock. This situation paradoxically increases a business cycles correlation and predicates a better preparedness of the candidate countries to join the Eurozone. The IP cycles analysis also indicates a potential infl uence of detrending. The FOD cycles show lower time-varying coeffi cients comparing to HP cycles.
Can identifi cation of the business cycles with detrending infl uence the results of measured cycles' synchronicity?
The results of the pervious analysis of business cycles correlations gave some evidence of a diff erent results produced by using the fi rst order diff erencing technique (FOD) for identifi cation of classical cycles and Hodrick-Prescott fi lter (HP) or BaxterKing band-pass fi lter (BK-BP) identifying the growth cycles. The fi rst two fi lters produce quite similar cycles comparing to FOD (see fi gures 5 and 6). The resultant correlation coeffi cients in case of FOD are always lower than in case of HP or BK-BP fi lters. This can play an important role for an interpretation of results. The missing strict value of suffi cient correlation incorporates high rate of subjectivism when authors interpret the results in sense of preparedness of a country to adopt a common currency. The diff erence between three techniques could be demonstrated in the tables V, VI and fi gures 5, 6. Whereas the latter two fi lters reveal similar and higher standard deviation and produce similar cycles, FOD usually reveals a lower volatility in the series with higher frequencies. According to BaxterKing (1999) the frequent turning points result from the fact, that FOD emphasises the high frequencies and down weights the lower frequencies of the initial time series. HP fi lter works as a high-pass fi lter which leaves the higher frequencies component in the time series whereas the BK-BP removes them. HP produces little higher volatility than BK-BP because GDP and other indicators of aggregate economic activity do not have much of high frequency components. The lower correlation in FOD cycles is due to removing the low frequencies of the time series and overweighs the high frequencies with very low intensity of association. This is why the FOD time series reveal very low autocorrelation within the analysed time series and also low correlations of the input time series (see tables V and VI). Baxter and King (1999) recommend using the HP and BK-BP fi lters rather than the FOD technique. However, the fi rst order diff erencing of a logarithms of the input data produces the growth rates of the indicators. The correlation of growth rates of real output as well as detrending techniques belong to the most used techniques of measuring the GDP cycles similarity by the central bank as well as academic researchers. Therefore we might assume that the studies on business cycle similarity will still produce the diff erent results and interpretations. On the contrary, we can provide with the recommendation to take into account all the possible spurious eff ects of used techniques upon numeric results and particularly to interpret the fi nal resultant coeffi cients indicating the business cycle similarity in the close context to used methodology.
CONCLUSION
The analysis in the text provides some evidence of the business cycles correlations in the CEEC and Baltic countries towards the Eurozone. The results of the cross correlation show higher GDP and IP cycles synchronicity of the Eurozone countries than in the CEE and Baltic countries towards the Eurozone average. The convergence trends measured with the correlation in the two consecutive periods were clearly indicated. Correlation coeffi cients in the latter analysed period are higher in almost all countries than in the fi rst period, which gives evidence about active converging trends. The infl uence of the world economic crises, which drives the business cycles of all developed countries into the recession phase, on the indicated convergence is questionable. However, we can hardly deny a possible infl uence of the world economic crises on the rolling window correlation measuring the short term dynamics and convergence trends. Whereas the Eurozone countries reveal stable or rising short term correlation, the CEEC and Baltic countries went through phases of short term convergence and divergence (measured on fi ve-year GDP and three-year IP rolling windows) during the whole time period. For all countries the time varying correlation increased rapidly at the end of analysed time period. The same eff ect of world economic crises upon the business cycles of the candidate and Eurozone countries raises short term actual similarity and paradoxically contributes to identifi cation of better preparedness of countries to adopt Euro.
The results of the analysis also showed potential infl uence of selected indicator, detrended technique and correlation measure upon the resultant correlation coeffi cients. Particularly, infl uence of diff erent detrending techniques on the numeric results is discussed in the text. The fi rst order diff erencing technique (FOD) produces diff erent business cycles than 
SUMMARY
The paper deals with a topic of the monetary integration process of Central and Eastern European Countries (CEEC) towards the Eurozone. The main aim of the paper is to measure the business cycle similarity and convergences of selected CEEC and Eurozone member countries in order to asses their preparedness to join the Eurozone. The paper also focuses on methodological issues of the measuring process and raises the hypothesis that the detrending techniques can infl uence the resultant correlation coeffi cients and related economic interpretation. The methodology how to use the criteria such as business cycle similarity defi ned in a frame of the Currency Areas Theory diff ers in a variety of studies dealing with this characteristic in temporary literature. Accordingly, two economic activity indicators and three detrending techniques were used to measure the business cycles correlation. The cross correlation, historical correlation and rolling window correlation techniques were used to indicate the business cycle similarity and convergence. The results point out stable correlation tendencies of the Eurozone member countries towards the Eurozone average whereas CEEC went through phases of relative convergence as well as divergence. Final part of the analysed period shows a possible infl uence of the global economic downturn, which increases the world business cycle synchronicity. The analysis of an impact of various detrending techniques shed some light on a possible infl uence of diff erent fi lters used on resultant coeffi cients. The paper concludes that the results should be interpreted in the context with used methodology.
